Epilepsy and syncope are clinical conditions with high prevalence rates in the general population, and the differential diagnosis between them is difficult. Objective: To assess the frequency of syncope in patients diagnosed with drug-resistant epilepsy (DRE) without apparent heart disease, to investigate the relationship between clinical and electroencephalographic (EEG) changes, and to verify the role of the inclination test (IT (n=9), with a significant prevalence in women. Vasovagal syncope (VVS) was the most frequent diagnosis. Conclusion: We found a significant association between syncope and the presence of autonomic symptoms (p=0.005). The IT plays an important role in the differential diagnosis of patients with DRE presenting with autonomic symptoms, regardless of EEG results and brain magnetic resonance imaging (MRI) abnormalities.
It is estimated that 0.5-1.5% of the general population has epilepsy, and approximately 5% of people experience one or more seizures during their lifetime 1 . Epilepsy is one of the most prevalent neurological conditions worldwide, mainly in developing countries 1, 2 . Proper treatment depends on the correct diagnosis. Drug-resistant epilepsy (DRE) affects an estimated 30% of patients with epilepsy 3 and approximately 500,000 people in Brazil 4 . DRE is considered when the patient has recurrent seizures, despite the administration of two an tiepileptic drugs (AEDs) as monotherapy or in combination at the maximum permitted levels, with proven treatment adhe rence 5 . DRE is a serious and limiting condition that dra matically affects the independent living of the patients 3 . Syncope is one of the paroxysmal clinical events consi dered in the differential diagnosis of epilepsy, especially DRE. It is defined as episodes of transient loss of consciousness, with relatively sudden onset and loss of postural tone, fol lowed by spontaneous and complete recovery, without per sistent neurological signs, that does not require chemical or electrical cardioversion 6, 7 . It is estimated that 20-30% of pa tients with epilepsy have other causes for loss or disturbance of consciousness, even those monitored in centers for epi lepsy treatment 8 . These non-epileptic events may occur in up to 45% of patients treated in epilepsy program centers 5, 9 . The purpose of this study was to investigate the frequency of syncope and its associated variables among patients diag nosed with DRE without apparent heart disease, to investi gate the relationship between clinical and electroencephalo graphic changes, and to verify the role of the inclination test (IT) in the investigation of patients diagnosed with DRE who present with autonomic dysfunction. We excluded patients with focal onset seizures who had no secondary generalization, even with DRE; patients with heart disease symptoms; patients with mental retardation or physical problems that prevented them from standing du ring the IT; patients with irregular heart rate; those for whom carotid sinus massage was associated with some risk (inclu ding patients with carotid bruit); and those who did not con sent to participate. There were 412 enrolled patients in the HUCFF/UFRJ Epilepsy Program, and 296 (71.8%) of them met the diagnostic criteria for DRE. After application of the inclu sion and exclusion criteria, we selected 39 consecutive pa tients with DRE presenting with PGS or SGS and an absence of clinical symptoms of cardiac disease. Of these 39 patients, 4 were excluded owing to suspected heart disease after re view, and a total of 35 patients were included in the study.
METHOD
All included patients signed an informed consent form and were enrolled consecutively from July 2004 to December 2006. These patients had previously submitted to electroen cephalography (EEG), cranial computed tomography (CT), and brain magnetic resonance imaging (MRI) as part of rou tine investigations for epilepsy.
The interview was directed with special attention to the use of medications and the presence of autonomic symp toms and signs, such as sweating, nausea, pallor, dizziness, sphincter release, muscle contractions, drowsiness, and con fusion 11 . The questionnaire of the European Society of Cardiology International Study on Syncope of Uncertain Etiology 2 (ISSUE 2) 12 was used with some adaptations: the age for the original inclusion was more than 30 years old, and in our group was more than 16 years old; and the adenosine triphosphate (ATP) test was replaced with the IT.
The search for signs and symptoms related to subclavian steal syndrome was performed through anamnesis. Patients were asked about signs and symptoms related to vertebro basilar insufficiency triggered by physical exertion with the upper limbs. The assessment of peripheral pulses and blood pressure (BP) measurement in the upper limbs were per formed in all patients 13 . The presence of thyroid disease was investigated through clinical and physical examination. In cases with clinical suspicion of thyroid dysfunction, a dose of ultrasensitive thyroidstimulating hormone (TSH) was administered. All of the patients submitted to blood tests, which included blood count; fasting blood glucose; and se rum sodium, potassium, urea, and creatinine.
Protocol for implementation of IT: The software used to collect and analyze signals was the Biopotentials Uptake System developed by Barbosa et al 14, 15 , which was validated for reproducibility and used in other studies 16, 17 . The patients were instructed to avoid drinking autonomic nervous system stimulants such as coffee and tea, not to perform strength exercises, and to avoid smoking and/or taking any drugs for at least 24 hours before the test.
The IT was performed in an environment with a cardiac de fibrillator and equipment necessary to perform cardiopulmo nary resuscitation. The non-sensitized IT was performed in an airconditioned (ambient temperature of 22-25°C) corklined room between 9:12 AM and late in the afternoon after fasting for at least 4-6 hours. The EKG (with modified D1 derivation) and BP were recorded during the 60 minutes of the examina tion. The BP was monitored with a non-invasive device, with a standard adult cuff positioned 3 cm from the left cubital fossa and programmed to inflate/deflate every 2 minutes
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. After 20 minutes in the supine position, the patients were passively til ted to an angle of 70°, where they remained for 40 minutes.
Protocol for the carotid sinus massage (CSM): The CSM protocol was only performed in the tilt position, during the last 5 minutes of the IT. It was first carried out on the right, followed by the left if the right side was negative. Pressure was exerted with a longitudinal movement at the point where the maximum carotid pulse was palpated, directly above the thy roid cartilage and below the angle of the jaw, for a period of 10 seconds. Patients who had asystole greater than or equal to 3 seconds were classified as having carotid sinus hypersensi tivity in a cardioinhibitory form. Patients who exhibited a BP decrease of 5 mmHg were classified as having hypersensitivity in a vasodepressant form. If both responses were present, the diagnosis was positive for the mixed form 19 . After completion of the maneuver, the patients were asked about the presence of symptoms during and after the procedure.
VideoEEG monitoring: Surface videoEEG monitoring was performed in all patients, using a 24channel Neuromap ® NEUROTEC ® digital apparatus with the 1020 international electrode placement system. During monitoring, the patients were submitted to activations, such as hyperventilation for 3 minutes and intermittent photostimulation.
The variables studied were recorded in Microsoft Excel ® , and the resulting spreadsheet was converted into a database file and read with the program Epi Info ® , version 6.0. The fre quencies of the variables found are shown as percentages. Patients with positive or negative IT were divided into two groups for analysis of associated variables, and the differences between values were analyzed with Student's ttests. A difference was considered significant when p<0.05.
RESULTS
Among the 35 included patients, 19 were female (54.3%). The mean age of the patients was 35.0 years (range 16.0 to 61.0 years), and their mean age at the onset of events diagnosed as epileptic was 14.8 years (range 0.4 to 52.0 years, standard deviation=2.34). The mean disease duration was 22.6 years (range 4 to 47 years). Eighteen patients (51.4%) were using 3 AEDs, 13 (37.2%) were using 2 AEDs, and 4 patients (11.4%) were using 4 AEDs. Six (17.1%) patients had a diagnosis of PGS, and 29 (82.9%) were diagnosed with SGS.
Blood tests, including blood count, blood glucose, and electrolytes were normal in all cases. A patient with thyroid swelling was assessed with specific tests that showed hy pothyroidism. This patient had epilepsy with EEG-relevant changes, and the IT was positive.
CSM was negative in all patients. Interictal EEG was nor mal in 10 (28.6%) patients. Of the 25 (71.4%) patients with ab normal EEG, 21 showed focal changes (84.0%) and epilepti form discharges (sharp waves and/or spikes, followed or not by slow waves) had temporal projections in 15 (60.0%).
A cranial CT scan was performed in 34 patients and was normal in 26 (76.4%). The CT scan was unable to discriminate between patients with positive versus negative IT (p=0.10).
Brain MRI was performed in 33 (94.2%) patients and was abnormal in 19 (57.5%). The most frequent abnorma lity was hippocampal atrophy, which was found in seven ca ses (36.8%). Six patients (31.5%) had vascular malformations, and six (31.5%) had several changes (e.g., cystic lesions, corti cal dysplasia, and schizencephaly). The figure shows the re sults for the 35 patients who underwent the IT.
We identified nine (25.7%) patients with positive IT. Five of them presented autonomic symptoms, one with postu ral orthostatic tachycardia (POTS), and four with vasova gal syncope (VVS). Seven (77.7%) patients had physiological pseudoseizures (PPS), and 2 (22.2%) experienced psycho genic seizures (PS). Of the seven with PPS, five (55.5%) had a vasovagal response and two (22.2%) had POTS. Three (33.3%) patients received a comorbidity diagnosis of epilepsy and syncope (Table 1) . Hospital. This was demonstrated by the mixed hemodynamic vasovagal and psychogenic response types in the IT. Our rate of 25.7% of patients with nonepileptic events is similar to data presented by Smith et al 20 , who were unable to confirm the diagnosis of DRE in 46 (25%) of 184 of patients referred for treatment at a specialized clinic. Likewise, Mory et al. 21 reviewed 41 cases of patients with focal epilepsy who were followed in a specialized epilepsy center and showed that 25 received an incorrect diagnosis of epilepsy. A lack of patho physiological understanding, inexperience of the examiner, and difficulty obtaining an adequate clinical history to detect other conditions that may mimic an epileptic seizure can complicate the diagnostic process 22 . Another important fac tor is the overvaluation of examinations, especially the EEG, which may be abnormal in patients without epilepsy 22 . One of our patients had a diagnosis of PS and started psy chotherapy and antipsychotic drugs. He experienced a sig nificant reduction in the paroxysmal events previously diagnosed as DRE that were in fact not epileptic. We consider our findings important because they allowed a review of the change in diagnosis and treatment planning. Several studies point to the importance of the differential diagnosis between epilepsy and PS, allowing changes in the workup and treat ment 8, 23 . We consider it important to emphasize some clini cal data for suspected PS, such as fixed triggering affective factors, patients extremely worried or paradoxically indifferent about their symptoms, and crisis never witnessed.
Five patients had a diagnosis of VVS. Our data are con sistent with literature showing that VVS should be the main differential feature from PPS in patients with DRE. As shown in a previous study 24 , all of our patients with VVS exhibited improvement of "seizures" with specific treatment, and when most AEDs had been suspended. All our patients with syn cope and a diagnosis of PPS had a satisfactory response to the treatment for syncope, except one who had POTS and concomitant epilepsy.
We identified autonomic symptoms in 8 of 35 patients (22.8%), which they attributed to their seizures. We found that the presence of autonomic symptoms was conditional on a positive IT (p<0.005).This strong association indicates an im portant role in the differential diagnosis of dysautonomia in patients with DRE. We found no difference in focal or generalized seizure semiology between the two groups. Kim et al. 25 showed that approximately twothirds of patients with a vaso vagal response also had autonomic prodromal symptoms.
Of the three patients who had a concomitant diagnosis of DRE and syncope, none had syncope suspected initially. Our results are consistent with those of Smith 9 , who considered that it was most difficult to distinguish epileptic seizures from syncope and psychogenic attacks. Several stu dies de monstrated that they frequently coexist, and attributed this to the high prevalence of these conditions in the general po pulation. Of these three patients, two experienced significant We found a significant association between autonomic symptoms and a positive IT (p=0.005). Among the nine pa tients with a positive IT, five (55.5%) had autonomic symp toms (one patient with POTS and four with VVS). The two patients with a positive response in IT psychogenic syncope underwent videoEEG and showed no electroclinical corre lation seizures, confirming the diagnosis of pseudoseizures. The use of AEDs showed no statistically significant associa tion with the presence of syncope. Table 2 shows the analysis of demographic and clinical variables in patients with positive and negative IT results.
DISCUSSION
One of the major difficulties of diagnosing epilepsy is dis tinguishing among true seizures, syncope and PS 9 . Our findings are strong evidence of this difficulty in diagnosing DRE in patients referred to an Epilepsy Program at an University seizure reduction with the treatment of syncope: they were able to go for a few months without experiencing crisis.
We recorded abnormal EEG results in 25 (71.4%) pa tients. The most frequent changes were ictal temporal pat terns in 42% of patients with an abnormal EEG. We corre lated these results to the MRI findings of our patients, and the most frequent abnormality was mesial hippocampal at rophy (36.8%). Studies in adults show that epileptiform in terictal activity is found in 29-55% of epileptic patients in the first EEG. If the origin of epilepsy involves deeper struc tures, the EEG may be normal in 60-70% of patients 26 . Our group had a higher percentage of abnormal EEGs, probably because this study assessed patients with DRE. Despite the limitations of the interictal EEG, it is considered a very use ful diagnostic test because it can corroborate the diagnosis of epilepsy, and it provides valuable information about epi lepsy type and prognosis 26 . When we examined interictal EEG findings in patients with syncope, we found that 56.6% had abnormal EEGs. We expected to find a higher frequency of normal EEGs in pa tients with syncope, but no difference was found between normal and abnormal EEGs in groups of patients with and without syncope (p=0.08). A study by Reuber et al. 27 investi gated interictal EEG abnormalities in patients with nonepi leptic PS and showed electrographic abnormalities in 18% of cases, with no other associated pathology. As we only had two cases of nonepileptic PS, we cannot compare our data with those of Reuber et al 27 . However, our findings show that EEG findings are not a useful parameter for the differential diagnosis of syncope. Our results are consistent with the li terature, which demonstrates that it is possible to find EEG changes considered epileptiform in nonepileptic patients with clinical symptoms of syncope, leading to misdiagnosis and unnecessary treatment 26 . Toledo 28 also reported two ca ses of convulsive syncope during the implantation of sphe noidal electrodes in epileptic patients.
Other diseases can mimic epilepsy, leading to the mis diagnosis of DRE. These include insulinoma 29 , cardiogenic syncope 24 , and carotid sinus hypersensitivity 19 . On the other hand, there are reported cases of ictal bradycardia or tachyar rhythmia during seizures, causing more diagnostic confu sion 30 . Linzer et al. 30 published a series of 12 cases diag nosed as epileptic for a long period, and 11 were treated with AEDs. These patients were subsequently diagnosed as suffering from arrhythmia or VVS. Collectively, the literature confirms that history and physical examination are essential for a dif ferential diagnosis between epilepsy and other diseases in which neurological symptoms occur, and should not be subs tituted by any further examination. Reuber et al. 27 showed EEG changes in many patients without a diagnosis of epi lepsy, including epileptiform changes. Although prolonged videoEEG monitoring with surface electrodes is a manda tory test for the diagnostic investigation of DRE, it may fail in some cases, and the use of deep electrodes is sometimes needed 26 . We showed that the best way to differentiate between DRE and syncope was to assess the anamnesis data. The studies discussed here concluded that a detailed medical history with thorough descriptions of events is the main tool for distinguishing between syncope and epilepsy 30 .
In conclusion, we found a significant frequency of syn cope in our population of patients diagnosed with DRE without apparent heart disease. EEG and MRI and CT scans did not influence the differential diagnosis or the suspicion of the diagnosis of syncope in this population. Autonomic manifestation was the most important clinical phenomenon and was significantly associated with the group of patients with syncope (p<0.05), surpassing the importance of exami nations in contributing to the differential diagnosis of pa tients with DRE. Although prolonged videoEEG monitoring is the most relevant diagnostic test for investigating DRE, the association with the IT is very useful to establish the differential diagnosis of syncope, and this should be routinely performed in patients diagnosed with DRE who present with autonomic symptoms.
The main finding of this study can contribute significantly to the management of patients with DRE. The identification of autonomic symptoms associated with a positive IT in patients diagnosed with DRE and without apparent heart disease can target this group of patients for more thorough examination. Misdiagnosis has severe consequences for patients, including decreased quality of life; social, psychological, and behavioral problems; and the possibility of side effects from unnecessary exposure to AEDs. Our findings have important clinical impli cations that may facilitate changes in therapy.
